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G01N 23/04 G21G 4/02 

METHOD AND APPARATUS OF 
NEUTRON RADIOGRAPHY 



ABSTRACT : PURPOSE: To make equipment, construction cost, maintenance cost inexpensive, to 
simplify the operation and to obtain easily a large output neutron ray by using neutrons 
generated when charged particles beam from a cyclotron collide with beryllium as neutron 
. source. 

CONSTITUTION: Charged particle beam of protons released from cyclotron collides with 
beryllium plate in a target box 6 through beam ducts 4, 5, and a high energy neutron ray is 
generated. Said ray is made incident on a moderator 30, collides with hydrogen atom of 
the polyethylene, is scattered elastically, and the velocity is decreased to thermal neutron 
of low energy. Thermal neutron is made incident respectively on the first and second 
collimators 32, 32a. In this time, neutron ray uneven in the direction is absorbed to a sheet 
35 of cadmium stuck on the inner surface, on the other hand, thermal neutrons from the 
outer part are absorbed to a cadmium sheet 35. Consequently, uniform and parallel 
neutron rays 36 are obtained in the colliumators 32, 32a. 
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ABSTRACT : PURPOSE: To assure the stable neutron generation intensity by providing a neutron 

source consisting of a radioactive isotope element and a neutron source rotational moving 
device which stagnates the neutron source at a time interval in a measuring chamber. 

CONSTITUTION: The half of a rotary disk 12 is inserted into a groove 17 formed to a 
neutron source container 16. The other half of the rotary disk 12 is inserted into the groove 
17 formed to the neutron source container 16. The neutron source container 16 consists of 
the block of, for example, polyethylene and the other half of the rotary disk 12 is inserted 
into the groove 17 formed to the neutron source container 16. The neutron source 
container 16 consists of the block of, for example, polyethylene; namely, the container is 
so formed that the half of the rotary disk 12 can be inserted therein. The neutron source 
10 can be stagnated for 5 seconds in, for example, the measuring chamber A at the time 
of stagnating the neutron ray 10 stepwise in the measuring chamber A. The stable neutron 
intensity is obtd. in this way. 
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AB - SU-619859 Differential diagnosis of thyroid gland 

cancer by simpler, more accurate and less injurious 
method is based on comparing 12 concn. in new tissue 
with normal levels- 12 concn. is determined by neutron 
activation anaylsis. 

- In an example, 8.7 mg thyroid gland sample: are 
irradiated in cooled Cd channel with radiation density 
1013 neutrons cm -2 sec -1 to convert 1127 into 1128 
radioactive isotope (half life 25 mins). Analysis then 
sows 12 concn. 

- Normal concn. is 35 micro/g/g. Results show that 
diagnosis is correct in over 80% of cases. Readings 
below 30 are 95% reliable. Readings between 31 and 60 
are 80% reliable. 
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INTERNATIONAL-PRELIMINARY 

EXAMINATION REPORT International application No. PCT/EP97/0321 8 


I. Basis of the report 

1 . This report has been drawn on the basis of {substitute sheets which have been furnished to the receiving Office in 
response to an invitation under Article 14 are referred to in this report as "originally filed" and are not annexed to 
the report since they do not contain amendments.): 

Description, pages: 

1 -63,65-91 as originally filed 

64,92 as received on 31/05/1999 with letter of 26/05/1999 


Claims, No.: 

1 -48 as originally filed 

Drawings, sheets: 

1/21 -21/21 as originally filed 

2. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims, Nos.: 

□ the drawings, sheets: 

3. □ This report has been established as if (some of) the amendments had not been made, since they have been 

considered to go beyond the disclosure as filed (Rule 70.2(c)): 


4. Additional observations, if necessary: 
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V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial 
applicability; citations and explanations supporting such statement 


1 . Statement 
Novelty (N) 

Inventive step (IS) 


Yes: Claims 1-16,17-39,40-48 

No: Claims 

Yes: Claims 1-16,17-39,40-48 

No: Claims 


Industrial applicability (IA) Yes: Claims 1-48 

No: Claims 


2. Citations and explanations 
see separate sheet 
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Re Item V 

Reasoned statement under Article 35(2) with regard to novelty, inventive step or 
industrial applicability; citations and explanations supporting such statement 

1 .Reference is made to the following documents: 

D1:US.A. 5 160 696 

D2:WO.A. 95 12203 cited in the application 
D3:WO.A. 90 06583 

2. The document D1 is regarded as being the closest prior art to the subject-matter 
of the independent method claims 1,17,40, and describes (cf.the fig. 2-4; the abstract; 
the description, from col. 2, 1. 28 to col. 3, 1.31 and from I.63 to col. 5, I.40; from col. 7, 1. 42 
to col.11, I. 22 and from col. 12, 1.10 to col. 14, I. 16; the claims 1-8, 16-23, 31-38, 46, 47, 
49-54) apparatuses (40) from whose is to be deduced a method of exposing a material 
(fertile or/and fissile nuclear materials, nuclear wastes 98) to a neutron flux wherein the 
material is disposed around a neutron source (42,44;liquid-metal/ such as a lead- 
bismuth eutectic mixture/ spallation target) disposed in/ surrounded by a neutron 
diffusing medium ( liquid metal /Pb-Bi) substantially transparent to neutrons and having 
further the features of claim 1, lines 6-9, under other independent claims of the 
application. 

The subject matter of claim 1 is distinguished from such a method in that the 
material is distributed in the neutron diffusing medium (cf.the description, the 
paragraph 1.1, from p.1 to p.4, 1.14). 

Thus, the subject matter of claim 1 and of the other independent claims 17,40 is 
new under Art.3'3.2 PCT. 

2. Moreover, none of the available documents discloses, and neither considered 
individually or into a combination of their teaching suggest/s a method of transmutation 

as claimed in the independent claims 1,17and40. 

In fact, document D2 discloses (cf. the abstract; the description, p.3, 1. 9-29; from 
p.6, I.34 to p.7, 1.21; from p. 10, I. 36 to p.11, I.8; from p.39, 1.14 to p.40, I.35; from p.45, 

1.12 to p.47, 1.14; from p.52, I.8 to p.53, 1.17 and the claims 1,22-28 and 36) an energy 

amplifier core, which may be seen as a neutron source surrounded by a transparent 
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neutron diffusing medium, but that one does not contain a material to be exposed in 
distributed form; and 

document D3 refers to (cf. the abstract; the description p.1, 1.8-17; p. 2, 1. 22-35; 

p.3, 1.21-33; p.7, 1. 6-27) a method of utilizing the neutron flux of a nuclear reactor for 
producing non radioactive materials, the method comprising the step of arranging a 
target 2 such as a plate of a moderator, such as beryllium, for slowing down the quick 
and other non- thermal reactor neutrons.The target 2 consists of a front layer 3 forming 
a moderating body of beryllium 4 Be , a metal plate 4 to be transformed/transmuted and 
a rear reflecting layer 5 of a material, such as beryllium, to ensure reflection of the 
neutrons back to the target. 

The other available documents disclose features ,per se, of the dependent claims, 

but they do not suggest the essential feature of the independent claims 1,17and40 e.g 
the material to be transmuted is distributed in a neutron diffusing medium. 

Therefore, the subject matter of the independent claims 1,17,40 and of their 

dependent claims 2-16,18-39,41-48 respectively, involves an inventive step in the 
sense of Art.33.3 PCT. 
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64 


several different targets can be inserted in the 
device . 

Si nee the fraction of the neutrons used for the 
activation is extremely small, many samples can be 
simultaneously irradiated in the Activator. 

5.3. - Production, of 9$ m Tc from a Molybdenum macrix. 

The target is made either of isotopicaiiy enriched 
5 -Mo or, if this is not available/ of Natural Molybdenum 
containing 24.13% of 98 Mo, in a chemical form discus sec 
later on. The short-lived ss Mo (rr/2=65.94 h) is 
activated, in turn decaying into 99 iTV Tc. The Mo must be 
very pure. In particular, it must not contain Rhenium, 
which complicates the extraction of Molybdenum, since 
Rhenium has chemical properties similar to those of 
Technetium. In general, the presence of impurities may- 
lead to unwanted radio-nuclides . The yield of 9 -Mc 
according to Table 3 and for a constant irradiation of 1 
gram of 98 Mo (4 g of Natural Mo) for a time c is 
I . S6xi0~ 6 x [I-exp C-c/95 . 35 h)]xSo G3q, where So is the 
neutron yield of the source. For a continuous exposure of 
100 hours, 1.07xlO" 6 x5o G3q/gr of 99 Mo are activated. 

The extraction of Technetium (1 G3q of 99m Tc 
corresponds to 5.13 ng of metal) out of Molybdenum matrix 
is a relatively simple process, vastly documented in the 
literature (see, for instance, A.K. Lavrukhina and A .A. 
Pozdnyakov, w Analytical Chemistry of Technetium, 
Promethium, Astatine and Franc i urn" , Academy of Sciences of 
the USSR, Israel Program for Scientific Trens iations , 
Jerusalem 1969 ; and also R.D. Peacock, "The chemistry of 
Technetium and Rhenium" Elsevier Publishing Company, 
1966) . 

Though it is not part of the activation procedure, for 
completeness we briefly mention the separation on 
sorbents, especially Aluminium Oxide (A1203) which is 
widely used. An efficient process of extracting micro- 
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I. Basis of the report 

1 This report has been drawn on the basis of {substitute sheets which have been furnished to the receiving Office in 
response to an invitation under Article 14 are referred to in this report as "originally filed" and are not annexed to 
the report since they do not contain amendments.): 

Description, pages: 

1 -63,65-91 as originally filed 

64 92 as received on 


31/05/1 999 with letter of 


26/05/1 999 


Claims, No.: 

1 -48 as originally filed 

Drawings, sheets: 

1/21 -21/21 as originally filed 

2. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims, Nos.: 

□ the drawings, sheets: 

3. □ This report has been established as if (some of) the amendments had not been made, since they have been 

considered to go beyond the disclosure as filed (Rule 70.2(c)): 


4. Additional observations, if necessary: 
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V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial 
applicability; citations and explanations supporting such statement 

1. Statement 

Novelty (N) Yes: Claims 1-16,17-39,40-48 

No: Claims 

Inventive step (IS) Yes: Claims 1-16,17-39,40-48 

No: Claims 

Industrial applicability (IA) Yes: Claims 1 -48 

No: Claims 


2. Citations and explanations 
see separate sheet 
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Re Item V 

Reasoned statement under Article 35(2) with regard to novelty, inventive step or 
industrial applicability; citations and explanations supporting such statement 

1. Reference is made to the following documents: 

D1:US.A. 5 160 696 

D2:WO.A. 95 12203 cited in the application 
D3:WO.A. 90 06583 

2. The document D1 is regarded as being the closest prior art to the subject-matter 
of the independent method claims 1,17,40, and describes (cf.the fig.2-4; the abstract; 
the description, from col.2, I.28 to col. 3, 1.31 and from L63 to col.5, I.40; from col.7, I.42 
to ool.11, 1. 22 and from col. 12, 1.10 to col.14, I. 16; the claims 1-8, 16-23, 31-38, 46, 47, 
49-54) apparatuses (40) from whose is to be deduced a method of exposing a material 
(fertile or/and fissile nuclear materials, nuclear wastes 98) to a neutron flux wherein the 
material is disposed around a neutron source (42,44;liquid-metal/ such as a lead- 
bismuth eutectic mixture/ spallation target) disposed in/ surrounded by a neutron 
diffusing medium ( liquid metal /Pb-Bi) substantially transparent to neutrons and having 
further the features of claim 1 , lines 6-9, under other independent claims of the 
application. 

The subject matter of claim 1 is distinguished from such a method in that the 
material is distributed in the neutron diffusing medium (cf.the description, the 
paragraph 1.1, from p.1 to p.4, 1.14). 

Thus, the subject matter of claim 1 and of the other independent claims 17,40 is 
new under Art.33.2 PCT. 

2. Moreover, none of the available documents discloses, and neither considered 
individually or into a combination of their teaching suggest/s a method of transmutation 

as claimed in the independent claims 1,17and40. 

In fact, document D2 discloses (cf. the abstract; the description, p.3, I.9-29; from 
p.6, I.34 to p.7, 1.21; from p.10, I. 36 to p.11, I.8; from p.39, 1.14 to p.40, 1.35; from p.45, 

1.12 to p.47, 1.14; from p.52, L8 to p.53, 1.17 and the claims 1,22-28 and 36) an energy 

amplifier core, which may be seen as a neutron source surrounded by a transparent 
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neutron diffusing medium, but that one does not contain a material to be exposed in 
distributed form; and 

document D3 refers to (cf. the abstract; the description p.1, 1.8-17; p.2, I.22-35; 

p.3, 1.21-33; p. 7, I.6-27) a method of utilizing the neutron flux of a nuclear reactor for 
producing non radioactive materials, the method comprising the step of arranging a 
target 2 such as a plate of a moderator, such as beryllium, for slowing down the quick 
and other non- thermal reactor neutrons.The target 2 consists of a front layer 3 forming 
a moderating body of beryllium 4 Be , a metal plate 4 to be transformed/transmuted and 
a rear reflecting layer 5 of a material, such as beryllium, to ensure reflection of the 
neutrons back to the target. 

The other available documents disclose features ,per se, of the dependent claims, 

but they do not suggest the essential feature of the independent claims 1,17and40 e.g 
the material to be transmuted is distributed in a neutron diffusing medium. 

Therefore, the subject matter of the independent claims 1 ,1 7,40 and of their 

dependent claims 2-16,18-39,41-48 respectively, involves an inventive step in the 
sense of Art.33.3 PCT. 
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